A Gram-stain-positive, rod-shaped, non-motile bacterium, strain PRD07
The genus Corynebacterium was first described by Lehmann and Neumann [1] and represents one of the largest genera belonging to the family Corynebacteriaceae in the phylum Actinobacteria. The genus Corynebacterium consists of more than 105 validly published species at the time of writing [2] isolated from diverse ecological niches and a few of these species are well-known serious human pathogens. The persistence of rod-shaped, Gram-stain-positive cells and quantitative differences in the straight-chain saturated and mono-unsaturated fatty acids are a few of the important markers distinguishing the genus Corynebacterium [3] . However, molecular and phylogenetic analyses also play a key role in the description of novel taxa. Based on differences in the molecular, phylogenetic and chemotaxonomic characteristics of strain PRD07
T with nearest members of the genus, we propose strain PRD07
T as novel species of the genus Corynebacterium.
Strain PRD07
T was isolated from water samples collected from the Gharpure Ghat, one of the bathing sites located along the bank of the Godavari river during Kumbh Mela festival in 2015 at Nashik. Kumbh Mela is the largest mass gathering in the world and involves millions of pilgrims bathing in the river [4, 5] . The strain was isolated by spreading standard dilutions onto the tryptic soy agar (TSA) medium (HiMedia) after 72 h of incubation at 37 C. Colonies were screened for purity by multiple streaking on the respective medium and further confirmed by microscopic observations (ProgRes C5, Olympus). Pure culture was preserved as glycerol stocks (20 % w/v) in liquid nitrogen at the Microbial Culture Collection, National Centre for Cell Science, Pune, India [6] for long-term preservation. Genomic DNA extraction was carried out by using the standard phenol/chloroform method described by Sharma et al. [7] . The purification of PCR product was performed using a Rapid Tip kit from Diffinity Genomics, which was then subjected to 16S rRNA gene amplification using 27F¢ (AGAGTTTGATCMTGGCTCAG) and 1492R¢ (GGTTA CCTTGTTACGACTT) primers [8] . Further, rpoB gene amplification was targeted to achieve better taxonomic IP: 54.70.40.11
On: Fri, 07 Dec 2018 10:58:49 resolution using C2700F¢ (CGWATGAACATYGGB-CAGGT) and C3130R¢ (TCCATYTCRCCRAARCGCTG) primers [9] . DNA sequencing was carried out using 3730xl Genetic Analyzer (Applied Biosystems). The raw sequence data was edited using DNASTAR SeqMan Pro (www.dnastar. com/t-seqmanpro.aspx) and ChromasPro [10] . Similarity searches of 1400 bp good-quality 16S rRNA gene sequences were conducted using EzTaxon-e server [11] and the taxonomic assignment of partial rpoB gene (417 bp) was carried out by using a BLAST search on NCBI (http://blast.ncbi.nlm. nih.gov/Blast.cgi). The 16S rRNA and rpoB gene sequences of the closest phylogenetic neighbours were retrieved from EzTaxon and the NCBI database and were subsequently used for the phylogenetic analysis using the MEGA 7.0 [12] software package. The tree topologies were evaluated by the bootstrap resampling method with 1000 replications [13] . The 16S rRNA gene sequence of strain PRD07
T was closely related to Corynebacterium imitans DSM 44264 T (97.9 %) [14] (Figs 1 and 2 ). The results of tree topology reconstruction using different methods yielded similar clustering and tree topology (Figs S1 and S2, available in the online version of this article).
Morphological, physiological and biochemical characteristics of strain PRD07 T were compared with the closest type strain, C. imitans DSM 44264
T , under identical laboratory conditions. C. imitans DSM 44264
T was acquired from Leibniz-Institute, German Collection of Microorganisms and Cell Cultures, for the taxonomic comparisons. Colony morphology and characteristics were checked on TSA after 72 h of incubation at 37 C. Growth range and optimum in response to various concentrations (w/v) of NaCl (0-14 % at an intervals of 1 %), the pH range for growth (4-12 at intervals of 1 pH unit) and temperature range (10, 15, 20, 25, 30, 37, 40 , 45 and 50 C) were determined according to the protocol of Prakash et al. [15] . The Gram character of strain PRD07
T was determined using a Gram-stain kit from HiMedia. The lipid requirement of strain PRD07
T was assessed by culturing in brain heart broth supplemented with with 1 % (vol/vol) Tween 80 and results were noted after 72 h of incubation at 37 C [16] . The assimilation of carbon sources was determined by using an API 20NE kit (bioM erieux). An API 50CHB system (bioM erieux) was used to test the production of acids from different carbohydrates and an API 20E system was utilised to test H 2 S, urease, gelatinase and acetoin production. Additionally, the API Coryne and API ZYM systems (bioM erieux) were used for further biochemical characterization. The test systems were used according to the manufacturer's instructions (bioM erieux). Antimicrobial susceptibility was tested by using a HiMedia kit (DE001, DE007) which is based on the Bauer-Kirby method [17] . Susceptibility against a range of antibiotics was recorded by measuring the zones of inhibition (in mm). The results were interpreted by following the guidelines specified by the Clinical Laboratory Standards Institute. Cell motility was determined by using the hanging drop method [18] . Strain PRD07
T showed growth on TSA, Luria Bertani (LB) agar, nutrient agar (NA) and Reasoner's 2A (R2A) agar. Strain PRD07
T formed creamy-whitish, non-translucent, round colonies after 72 h of incubation on TSA. Cells were Gram-stain-positive, non-motile and rodshaped, approximately 1 µm in length and 0.5 µm in diameter. Strain PRD07
T was grown on TSA supplemented with 5 % sheep blood to determine haemolysis, however the strain was found to be non-haemolytic. Strain PRD07 T exhibited higher growth in brain hearth broth supplemented with 1 % Tween 80 suggesting the lipophilic nature of the strain. The pH range for growth was 6-11 but it showed optimum growth at pH 7.0. Optimum temperature for growth was found to be 37 C (temperature range 25-40 C) and the strain tolerated up to 11 % NaCl (optimum 1.0 %, w/v), as shown in Table 1 . Strain PRD07
T was catalase-positive, but was negative for oxidase, gelatinase and nitrate reductase activity and H 2 S production. Except for melibiose, amygdalin and L-arabinose, strain PRD07 T showed negative results for the assimilation of D-glucose, D-mannose, D-mannitol, N-acetyl-glucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate, phenylacetic acid, inositol, D-sorbitol, L-rhamnose and D-sucrose. It could produce acid from ribose and maltose but failed to produce acid from glycerol, erythritol, D-arabinose, L-arabinose, ribose, D-xylose, L-xylose, adonitol, methyl b-D-xylopyranoside, galactose, glucose, fructose, manose, sorbose, rahmnose, dulcitol, inositol, manitol, sorbitol, methyl a-D-mannopyranoside, methyl a-D-glucopyranoside, N-acetyl glucosamine, amygdalin, arbutin, esculinferric citrate, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, inulin, melezitose and rafinose. In the API Coryne panel, strain PRD07
T was found to be positive for the production of pyrazinamidase, alkaline phosphatase and a-glucosidase, while negative for other substrates. For the API ZYM strip test, strain PRD07 T was found to be positive for a-glucosidase, alkaline phosphatase and N-acetyl b-glucosaminidase, which validates the results of the API Coryne test. The strain was negative for esterase (C4), esterase lipase (C8), lipase, leucinearylamidase, valinearylamidase, cystinearylamidase, trypsin, a-chymotrypsin, acid phosphatase, naptholphospohydrolyase, a-galactosidase, b-galactosidase, b-glucournidase, b-glucosidase, a-mannosidase and a-fucosidase (Table 1) . Antimicrobial susceptibility tests indicated that strain PRD07
T was sensitive to amikacin, cefixime, cefotaxime, ceftriaxone, chloramphenicol, ciprofloxacin, colistin, co-trimoxazole, furazolidone, gentamicin, levofloxacin, netillin, norfloxacin, rifampicin, streptomycin, tetracycline and vancomycin, but showed resistance against amoxycillin, augmentin, cefpodoxime and clindamycin (Table S1 ).
Forty-eight-hour-old cultures were used for whole-cell protein extraction by using ethanol/formic acid, as described in the users' manual of the matrix-assisted laser desorption/ ionization (MALDI) Biotyper 3.1 (Bruker Daltonik GmbH). The resultant extracts were analysed by using the MALDI time-of-flight mass spectrometer (TOF MS) autoflex speed (Bruker Daltonik GmbH). The Bacterial Test Standard (Bruker Daltonik GmbH) was used as an external reference to calibrate the instrument, with a peak assignment tolerance of 250 ppm. The generated main spectrum profile T exhibited minor peaks at 2845, 3031, 4233, 5212 and 5770 and major peaks at 3347, 6525 and 8465 (Fig. S3) 
C. imitans DSM 44262
T , which was in agreement with the close relatedness of these strains observed during 16S rRNA gene sequencing (Fig. S4) .
Strain PRD07
T and C. imitans DSM 44264 T was grown on TSA at 37 C for 72 h, for fatty acid methyl ester (FAME) analysis. Subsequently, the cells were harvested and extraction was carried out by the method of Bligh and Dyer [19] . The resultant total lipids were processed for the extraction of FAMEs according to the protocol described by Conconi et al. [20] . The FAME mixtures were separated using a MAESTRO gas chromatograph equipped with a Supelco Omega Wax 250 (30 mÂ0.25 mmÂ0.25 µm) column and coupled to a 5975 MSD mass spectrometer. Data acquisition was performed by using ChemStation E. 02 (Agilent, USA) software. The predominant fatty acids in strain PRD07 (Table S2 ). The fatty acid profile of strain
PRD07
T showed quantitative differences compared to C. imitans DSM 44264
T .
Polar lipid analysis was performed by harvesting the cells at logarithmic phase and the pellets were freeze-dried and further used for polar lipid extraction. Extraction, 2D thinlayer chromatography (TLC) and development were carried out as described by Minnikin et al. [21] . The polar lipid profile of strain PRD07 T showed predominant spots of diphosphatidylglycerol (DPG), glycophospholipid (GPL), aminolipid (AL1) and phosphatidylglycerol (PG). An aminolipid (AL2), aminophospholipid (APL), two phospholipids (PL) and four unidentified phospholipids (UL) were detected in relatively minor amounts. The presence of glycophospholipid (GPL), phospholipid (PL2) and aminolipid (AL2) distinguished strain PRD07
T from C. imitans DSM 44264 T (Figs S5 and S6 ). The mycolic acids were extracted and analysed in accordance with the protocol described by Frischmann et al. [22] . Analysis of mycolic acid using TLC showed that strain PRD07
T contained similar corynemycolic acids to C. imitans DSM 44264 T (Fig. S7) . To evaluate the DNA G+C content and DNA-DNA hybridization, genomic DNA was extracted and purified as described by Marmur [23] with additional RNase treatment. Analysis of G+C content (by Tm) was performed by the methods of Gonzalez and Saiz-Jimenez [24] . The analysis was based on fluorimetry using a StepOnePlus Real-Time PCR system (Applied Biosystems) as described by Loveland-Curtze et al. [25] . DNA suspended in 2Âsaline sodium citrate was used for the analysis and reassociation of homoduplex and heteroduplex DNA was carried out at optimum renaturation temperature of 70. T which is lower than the recommended threshold for species delineation [27, 28] . The DNA G+C content of strain PRD07 T was found to be 68.5 mol%. Thus, DNA-DNA hybridization data distinguished strain PRD07
T from C. imitans DSM 44264
T for its delineation as a novel species of the genus Corynebacterium.
DESCRIPTION OF CORYNEBACTERIUM GODAVARIANUM SP. NOV.
Corynebacterium godavarianum sp. nov. (go.da.va.ri.a¢num. N.L. neut. adj. godavarianum referring to the river Godavari from where the strain is isolated).
Cells are aerobic, Gram-stain-positive, non-motile rods, catalase-positive, 1 µm in length and 0.5 µm in diameter. The strain produces creamy-whitish and non-translucent colonies on TSA. The colonies are non-haemolytic colonies on TSA supplemented with 5 % sheep blood. Strain PRD07 T is lipophilic. Grows optimally at 37 C (range 25-40 C) on Acid production from TSA, R2A, LB and NA after 72 h of incubation. Strain PRD07 T grows in the pH range of pH 6-11 with optimum growth at pH 7.0. It can tolerate NaCl concentration up to 11 % (w/v) with an optimum at 1 % NaCl (w/v) concentration. The strain is negative for oxidase, gelatinase, nitrate reductase and H 2 S production. It can assimilate melibiose, amygdalin and L-arabinose. It can produce acid by utilising ribose and maltose as the only carbon substrate. Subsequently, strain PRD07
T is positive for pyrazinamidase, alkaline phosphatase, a-glucosidase and N-acetyl b-glucosaminidase. Strain PRD07
T is sensitive to amikacin, cefixime, cefotaxime, ceftriaxone, chloramphenicol, ciprofloxacin, colistin, co-trimoxazole, furazolidone, gentamicin, levofloxacin, netillin, norfloxacin, rifampicin, streptomycin, tetracycline and vancomycin, but resistant to amoxycillin, augmentin, cefpodoxime and clindamycin. Major fatty acids are C 16 : 0 , C 18 : 0 and C 18 : 1 !9c. DPG, PG, Al and GPL are its major polar lipids, while APL, PL and UL are present in minor proportions. Mycolic acids are present.
The type strain, PRD07
T (=MCC 3388 T =KCTC 39803 T =LMG 29598 T ), was isolated from river water during the world's largest mass bathing event, Kumbh Mela on the bank of Godavari river, Nashik, India. The DNA G+C content of the type strain is 68.5 mol% (Tm). 
